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The present study was undertaken to shed the light on the environmental threats
associated with the wireless revolution and the health hazards associated with exposure
to mobile base station (MBS). Besides, studying the possible protective role of sesame oil
(SO) as an antioxidant against oxidative stress. Therefore, the present work was
designed to study the effect of chronic exposure to electromagnetic radiations (EMR),
produced by a cellular tower for mobile phone and the possible protective role of sesame
oil on glutathione reductase (GSH-Rx), superoxide dismutase (SOD), catalase (CAT), total
testosterone and lipid profile (total cholesterol (Tch), triglycerides (TG), low density li-
poprotein cholesterol (LDL-c) and high density lipoprotein cholesterol (HDL-c) in male
albino rats. Rats were arranged into four groups: the control unexposed, the exposed
untreated and the exposed treated groups (1.5 and 3 ml oil). Exposed groups were sub-
jected to electromagnetic field at frequency of 900 MHz, for 24 h/day for 8 weeks, at the
same time both treated groups were supplied with oral injection of sesame oil three
times per week. At the end of the experiment, blood samples were obtained for deter-
mination of the above mentioned variables in serum. The results obtained revealed that
TG and testosterone were raised significantly over control in all groups and the signifi-
cant increase in oil groups occurred in dose dependent manner. SOD and CAT activities
were reduced significantly in exposed rats than control and increased significantly in
sesame oil groups as the dose of oil increased. Total cholesterol only showed remarkable
reduction in the group treated with 3 ml sesame oil. Also, in this latter group, significant
elevation of GSH-Rx was recorded. Changes in serum HDL-c and LDL-c followed an
opposite trend in exposed and sesame oil groups reflecting their affectation by EMR or
sesame oil. In conclusion, all results of the current study proved that sesame oil can be
used as an edible oil to attenuate the oxidative stress which could be yielded as a result
of chronic exposure to EMR.
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Recently, much attention has been directed towards the
recognition of the potential health risks of radiofrequency
electromagnetic waves (RF EMWs) emitted by mobile
phones (Djeridane, Touitou, & de Seze, 2008). Within the
past twenty years, several studies indicated a linkage be-
tween the exposure to electromagnetic radiation (EMR) and
serious health problems. Electromagnetic field might pro-
duce a variety of adverse in vivo effects such as headaches,
sleep disturbances, modifications of electroencephalo-
graphic activity as well as alterations of biological functions
in human and animals (Mossmann & Hermann, 2003;
Repacholi, 2001).
Electromagnetic radiation (EMR) or radiofrequency fields
of cellular phones may affect biological systems by
increasing free radicals, which appear mainly to enhance
lipid peroxidation and by changing the antioxidant de-
fense systems of human tissues, thus leading to oxidative
stress (Nisarg, Kavindra, & Agarwal, 2009; Ozguner et al.,
2005).
However, many studies referred another mechanism for
biological disturbances; they have demonstrated that RF-
EMWs from commercially available cell phones have non-
thermal effects (Friedman et al., 2007; Leszczynski et al.,
2002) including effects on mitochondria, apoptosis
pathway, heat shock proteins, cell differentiation and DNA
breaks (Leszczynski et al., 2002; McNamee et al., 2003; WHO,
2006).
RF-EMWs might disturb ROS metabolism by increasing
production of ROS or by decreasing antioxidant enzyme ac-
tivity. Chronic exposure to RF-EMW decreases the activity of
catalase, superoxide dismutase (SOD) and glutathione perox-
idase (GSH-Px), and thus reduces the total antioxidant ca-
pacity (Nisarg et al., 2009). Other study carried out by Kesari,
Kumar, and Behari (2011) also demonstrated a decrease in
GSH-Px and SOD with an increase in catalase. Irmak et al.
(2002), on the other hand, showed that SOD activity
increased in serum of rabbits exposed to EMR of digital GSM
mobile telephone (900 MHz) whereas, CAT and GSH-Px were
not changed (Kesari et al., 2011).
Nowadays, there is an increasing interest in discovering
the protective biological function of natural compounds
contained in dietary plants due to safe use, their anti-
oxidative properties and their possible roles in intra and
extracellular defense against oxygen radicals and lipid per-
oxides in response to oxidative stress. Among of these
natural products, sesame oil (SO) which becomes a matter
of choice for our investigation. SO was regarded in past as a
daily nutritional supplement used to increase cell resistance
to lipid peroxidation since it contains several antioxidants
and chemo preventive agents such as tocopherol (Fukuda,
1990), sesamolin and sesaminol (Kang, Katsuzaki, &
Osawa, 1998) and sesamin (Chavali, Utsunomiya, & Forse,
2001).
Hence, this investigation was undertaken to study the
health hazards associated with exposure to electromagnetic
waves of mobile base station for 8 weeks and to determine theeffect and the possible defense mechanisms of sesame oil on
oxidative stress induced by this non-ionizing radiation.2. Material and methods
Thirty twoadultmalealbino rats (Rattus rattus),weighingabout
150e170 g were used in this study. Animals were randomly
arranged equally into four groups as follows: Control unex-
posed group, EMR exposed group, EMR exposed þ sesame oil-
treated groups (1.5 ml and 3 ml). Electromagnetic radiation
was applied to exposed groups for 8weeks. Ratswere obtained
from the animal house of theNuclear ResearchCenter, housed
in plastic cages, given standard rodents feed and tap water ad-
libitum andkept under constant conditions. The treated groups
were received sesame oil orally (1.5 or 3 ml) using a stomach
tube three times/week according to Hsu et al. (2004).
The experimental groups were exposed to electromagnetic
radiation emitted from a cellular tower (base station) for mo-
bile phone constructed on a roof of a building in Cairo at fre-
quency of 900MHz, power density of 0.5mW/cm2 at the site of
exposurewith distance of 8m in front of the antenna, 24 h/day
for 8 weeks. The field strength emitted by the tower was
measured with isotopic probe specified for measuring high
frequency and the compartment shaped to standard IEEE C 95,
1995 (N. M. El-Abiad, 2002). At the end of experiment the ani-
mals were fasting overnight, transferred to the laboratory
where blood samples were collected by decapitation for labo-
ratory assessment of the studied parameters.
Blood was allowed to clot at 37 C for 30 min, centrifuged for
15 min at 5000 rpm, sera were separated and kept frozen at
20 Cuntil analysis. Serumlevelsof total testosterone,Tch,TG,
LDL-c,HDL-cbesidestheactivitiesofGSH-Rx,CATandSODwere
measured to evaluate the changes of the antioxidant status.
Tch and TG were estimated by using enzymatic colori-
metric method of Allain et al. (1974) and Fossati and Prencipe
(1982) respectively. Total testosterone hormone was assayed
by using radioimmuno-assay kits supplied by Diagnostica Co.,
Los Angeles based on the method of Maruyama et al. (1987).
Colorimetric determination of HDL-c was done using kits of
Bio-Merieux Marcy-L-Etoile/France. LDL-c was calculated ac-
cording to formula of Friedwald, Levy, and Fredrikeson (1972).
Serum GSH-Rx, SOD, and CAT activities were measured
colorimetrically using commercial kits according to Goldberg
and Spooner (1993), Nishikimi, Roa, and Yogi (1972) and Aebi
(1984) respectively.
2.1. Statistical analysis
Data are expressed as means  SE, student t-test was used to
make pair wise comparison between the treatments accord-
ing to Sendecor and Cochran (1989). The statistical signifi-
cance was set at p < 0.05.3. Results
Changes in serum lipid fractions in the four experimental
groups are expressed in Table 1. The only significant decrease







Exposed þ 1.5 ml sesame oil
Group (3)
Exposed þ 3 ml sesame oil
Group(4)
Tch (mg/dl) 48.5  0.1b2 48.9  0.3b2 47.8  0.3b2 44.0  0.6c1
TG (mg/dl) 58.9  0.7c1 59.0  o.8c1 67.3  0.9b2 90.6  0.5a3
HDL-c (mg/dl) 31.2  0.2a3 24.4  0.5d1 27.5  0.7c2 28.1  1.1b2
LDL-c (mg/dl) 12.7  0.1c1 18.5  0.5a3 15.7  0.7b2 13.8  0.7c1
Data are expressed as means  standard error for 8 rats in each group.
Values in the same row with different letters are significantly different than control group at p < 0.05.
Values in the same row with different numbers are significantly different than exposed group at p < 0.05.
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the other three groups. Table 1 shows that HDL-c and LDL-c
exhibited opposite trend of alteration among the experi-
mental groups, as a function of EMR exposure and SO treat-
ment in comparison with control group. HDL-c showed
significant decrease in all exposed groups compared to con-
trol; with gradual and significant increases were seen in SO
administered groups than exposed group. In contrast, the
level of LDL-c expressed significant rise in exposed untreated
rats and in the group treated with 1.5 ml SO as compared to
control. Whereas, significant decline was noted in both oil
treated groups than exposed one, although the level is still
higher than control.
Contrary to Tch, the levels of TG were significantly raised
in oil supplied groups than in control or exposed ones, but the
increment was more evident in the group received 3 ml SO.
While, no significant difference was recorded between control
and exposed group.
Concerning serum total testosterone, Table 2 illustrated
that the male sex hormone increased significantly in the un-
treated exposed group and in the groups drenched SO as
compared to control group. Treatment of exposed rats with SO
led to significant increment of serum total testosterone over
its level in exposed untreated animals.
The data in Table 2 shows that exposure to EMR induced
significant reduction in the activities of SOD and CAT without
remarkable impact on GSH-Rx in comparison to control group.
Treatment with SO exerted significant elevation in SOD, CAT
and GSH-Rx as the dose of oil increased. But, the significant
rise in GSH-Rx was only observed in rats ingested the higher
dose of oil in comparison to both exposed and non-exposed
control group.Table 2 e Effect of sesame oil on serum testosterone and varia






Total testosterone (ng/dl) 2.2  0.1d1 3.7  0.1c2
SOD (m/ml) 159.4  1.8c1 77.1  2.6d4
Catalase (m/l) 672.1  1.9c2 484.6  1.6d1
GSH-Rx (m/l) 35.5  0.6b1 34.0  0.5b1
Means followed by the same letter (a, b or c) were not significantly differ4. Discussion
The widespread use of the mobile phone has initiated many
studies on the possible adverse effects of a high frequency
electromagnetic field (EMF), which is used in mobile phones
(Hata et al., 2005).
The insignificant alteration of serum Tch levels between
control animals and EMR exposed group that noted herein is
in agreement with the results of N. M. El-Abiad (2002). The
slight insignificant and significant reduction in the levels of
serum Tch recorded in groups 3 and 4 respectively are
consistent with Yokato et al. (2007). They attributed this
decrement to sesamin (the major lignan constituent of SO)
which have multiple functions to do in the biological system.
Cholesterol-lowering and lipid-reducing actions are among its
main properties via inhibiting the synthesis and absorption of
cholesterol. The authors added that SO is considered a good
source of vitamin E which is known as a potent antioxidant
that helps in lowering cholesterol. Myung-Hwa et al. (1999)
supported this concept since, they previously stated that the
hypocholesterolemic action of sesamin has been referred to
its ability to decrease the activity of hydroxymethylglutaryl-
CoA-reductase to reduce cholesterol absorption in the intes-
tinal tract and to increase the excretion of cholesterol into
bile. Our result could also be compared with those of
Yamasaki et al. (2006) who found that feeding mice on sup-
plemental pomegranate seed oil for 3 weeks did not affect the
level of serum Tch.
The data obtained herein denoted insignificant difference
between control rats and EMR exposed group in the level of
serumTG. This result is in accordancewith the finding of N.M.bles related to oxidative stress in rats exposed to
Groups
Exposed þ 1.5 ml sesame oil
Group(3)
Exposed þ 3 ml sesame oil
Group(4)
3.9  0.1b3 4.1  0.1a4
134.2  2.6b2 270.1  2.7a3
774.7  2.8b3 946.7  3.1a4
36.3  0.5b2 37.7  0.7a2
ent. The statistical significance was set at p < 0.05.
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wave radiation of base station of frequency of 900e930 MHz
and 0.5 mW/cm2 power density at the site of exposure, along
24 h/day for 30 days. The significant elevation of TG noted in
oil ingested groups (3 and 4) over the control value in dose
dependent manner. This observation could be compared with
the result reported by Sankar and Rao (2006) who supplied a
group of hypertensive patient with SO and instructed to use it
as the only edible oil for 45 days. At the end of this period, they
found no significant alterations in lipid profile of those pa-
tients as compared with their lipid profile before eating ses-
ame oil except triglycerides. Also, our results could be
comparedwith the finding of Yamasaki et al. (2006) who found
that dietary pomegranate seed oil fed to mice for 3 weeks in-
creases serum TG.
In the present study, serumLDL-c increased significantly in
the group exposed to EMR. Meanwhile, HDL-c concomitantly
declined significantly in the same group comparing to control
one. These results were partially consistent with those found
by N. M. El-Abiad (2002). She reported that chronic exposure to
EMR was associated with a significant decrease in HDL-c and
non-significant increase in LDL-c in rats.
These results could be explained on the base of EMR
exposure that may be responsible for the changes of blood
lipoproteins via its adverse impact on the capability of liver
and intestine for synthesis of the lipid fractions contained
cholesterol, or via modifying the balance between them
(Mochizuki, Oda, & Yokogoshi, 1998). Moreover, peroxidation
of PUFAs which occurred after exposure to EMR will modify
the physiochemical properties of lipoproteins and their
interaction with cell receptors (Noaman & Ibrahim, 2005;
Vecera et al., 2003).
On the other hand, in groups 3 and 4 which supplemented
with sesame oil, the picture of lipoprotein fractions were
reversed,where the goodHDL (transports cholesterol from the
peripheral tissues to the liver) raised significantly and the bad
LDL (transports cholesterol to peripheral tissues) declined
significantly in sesame oil groups especially in group 4. These
results confirmed the statement of Chaudrase Karan et al.
(2007) who stated that sesame oil inhibited lipid peroxida-
tion in rats with Acetaminophen (APAP) acute liver injury. All
these results proved that sesame oil enhanced the antioxidant
status and minimized lipid peroxidation.
In the current study, the significant increase in serum
total testosterone in rats exposed to EMR as compared to that
of control group was consistent with the same increase in the
male sex hormone in rats exposed to pulsed electro e mag-
netic field (PEMF) about 15 and 20 pluses/day three times per
week for 3 weeks with frequency of 8e12 GHz as described by
Marzook (2006). The author attributed this increase to the
impact of EMF on the hypothalamic centers responsible for
gonadotropin releasing hormones which become less sensi-
tive to feed back inhibition by gonadal steroid hormones. The
same latter author stated that exposure to EMR may be
implicated in the inhibition of melatonin secreted by the pi-
neal gland. Several previous studies indicated that EMF
exposure was related to a decrement in melatonin level and
its antigonad effect (Liburdy, 1998; Stevens, 1987). Accord-
ingly, diminished concentrations of melatonin may suppress
gonadotropin secretion and hence, lead to increased releaseof testosterone by the testis. The significant elevation in
serum testosterone levels in the groups of rats fed standard
rodent diet enriched with SO as recorded herein came in
parallel with he results of El-Shafey, Ali, and Marzook (2009)
who found significant increase in serum testosterone in male
rats exposed to EMF-900 MHz emitted from mobile station
antenna for 4 weeks simultaneously with nourishment on a
diet supplemented with garlic oil. They attributed this sig-
nificant increase over the exposed group to the possible rise
in the level of sex hormones binding globulin induced by
garlic oil which is rich in its content of antioxidants as well as
SO. Accordingly, the testis was forced to secrete more
testosterone in the blood stream. Another alternative inter-
pretation was suggested by the same authors based on the
stimulation of the pituitary gonadal axis induced by garlic oil
to release more LH which stimulated the testis to increase its
testosterone production.
The remarkable reduction in the activities of SOD, CAT and
GSH-Rx concomitantly occurred in rats exposed to EMR (group
2) indicated that those animals suffered from oxidative stress.
Ahmadpoor et al. (2009) stated that oxidative stress occurred
as a consequence of imbalance between reactive oxygen
species (ROS) and body antioxidant capacity. Thus, this Phe-
nomenon could be happened as a result of increased ROS
generation, impaired antioxidant defense system or a com-
bination of both. SOD, CAT and GSH-Rx are enzymes naturally
developed by the mammalian body as endogenous antioxi-
dant system to deal with reactive oxygen intermediates. SOD
dismutases the superoxide anion radicals to H2O2 and H2O
(Lawler & Song, 2002). CAT catalyses the decomposition of
H2O2 to H2O and oxygen (Spolaries &Wu, 1997). Glutathione is
a well-known antioxidant and GSH-Rx metabolizes H2O2 to
H2O. In this process, glutathione gets oxidized and forms
oxidized glutathione. The oxidized glutathione is reduced
back to glutathione in the presence of the enzyme called
glutathione reductase (Bayse, Baker, & Ortwine, 2005; Russel,
1998).
However, it becomes more effective when the oxidative
stress is extreme, ROS scavenging enzyme such as SOD and
CAT are degraded as noted in the exposed group in this Study.
In the current study, when EMR exposed animals were
supplied with SO, the above mentioned enzymes tended to
rise in the sera of group 3 and 4 in a dose dependent manner
to be superior than that of control in order to face and
overcome the oxidative stress. These results came in
accordance with the findings of Snakar and Rao (2006) who
found obvious increase in the activities of SOD and CAT
accompanied with a decrease in lipid peroxidation as iden-
tified by an adduction of thiobarbituric acid reactive sub-
stances (TBARS) after 45 days of supplying a group of
hypertensive patients with SO as the only edible oil to be
eaten in that period. All these findings indicate that SO is a
potent antioxidant rich oil as it possesses some preventive
substances such as sesamin, sesaminol and sesamolin be-
sides its wealth with fat soluble vitamins like tocopherol
(Fukuda, 1990). In general our results confirmed what has
been reported by Chaudrase Karan et al. (2007). They stated
that sesame oil maintained the intracellular glutathione
levels and reduced ROS levels in rats with acetaminophen
(APAP) induced acute liver injury.
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From these results we may conclude that sesame oil can be
used as an antioxidant to attenuate the oxidative stress which
could be yielded as a result of chronic exposure to EMR by
increasing antioxidant enzymes activity.r e f e r e n c e s
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